The Spanish ibex (Capra pyrenaica hispanica) population of southern Spain was surveyed for potential pathogens associated with the conjunctiva, external ear canal, as well as reproductive and upper respiratory tracts. We sampled 321 ibex (131 adult males, 100 adult females, and 90 yearlings); these included 271 apparently healthy animals and 50 that were naturally infected with Sarcoptes scabiei. A total of 688 bacterial isolates were identified (377 gram-negatives, 225 gram-positives, and 86 Mycoplasma spp.); sex, age, location, infection with S. scabiei, and disposition of the animal (free-ranging versus captive) were evaluated as risk factors for infection. Infections with Mycoplasma agalactiae and Mycoplasma arginini were associated with age, having a higher frequency of isolation in young animals. With Escherichia coli, Mannheimia haemolytica, Pasteurella multocida biotype A, and Staphylococcus aureus, significantly higher isolation rates were associated with adults. The isolation frequency for E. coli was higher in females, whereas Moraxella bovis isolations were mostly associated with males. The presence of mange increased the risk of infection with both Streptococcus equi subsp. zooepidemicus and M. haemolytica. The geographic origin of sampled animals was related to the isolation of Branhamella ovis, M. agalactiae, and all Pasteurella sp. Isolations of M. haemolytica, P. multocida biotype A, E. coli, and B. ovis were more prevalent in samples from free-ranging rather than captive animals. Of the gram-positive bacteria, S. aureus represented the predominant species isolated from nasal, vaginal, and ocular samples. Mycoplasma agalactiae and M. arginini were the predominant Mycoplasma spp., and both were associated most often with the external ear canal. The most frequently isolated gram-negative bacteria included E. coli, M. haemolytica, P. multocida biotype A, and B. ovis. Isolation rates of gram-negative species varied by source. In nasal samples, M. haemolytica and P. multocida biotype A were isolated most frequently, whereas in ocular and vaginal samples, B. ovis and E. coli, respectively, were most frequently isolated.
INTRODUCTION
The Spanish ibex (Capra pyrenaica hispanica) is the only native, free-ranging, wild caprine in Spain and is found throughout the massifs of the southern and eastern portions of the country (Fandos, 1991) . The populations in Andalusia, with an estimated 30,000 individuals in 34 massifs, have been studied by Pé rez et al. (2002) . Densities vary over occupied habitats, with approximately half of these animals occupying areas where no conservation measures are in place and populations are often fragmented. Problems have occurred, or have been anticipated, associated with local overabundance, disequilibrium in the population sex ratios and age structure, and loss of genetic diversity. An important disease associated with highdensity populations is sarcoptic mange (Palomares and Ruiz-Martínez, 1993; Pé rez et al., 1997; Leó n et al., 1999) . Although other infectious agents may be involved in these epidemics, information regarding the presence of other potentially pathogenic agents in Spanish ibex is limited. Spanish ibex also seasonally share pastures with domestic small ruminants, which may enhance pathogen transmission (Pé rez et al., 2002) . The objectives of the present study were to improve the understanding of bacterial pathogens potentially affecting Spanish ibex and to evaluate potential risk factors associated with these infections.
MATERIALS AND METHODS
The study was conducted on a population of free-ranging Spanish ibex in the massifs of southern Spain. Samples were collected from 321 animals in different provinces of Andalusia: 111 (34.6%) Animals were sampled over a 2-yr period from October 1996 to October 1998. Nasal, ear, and ocular swabs were collected from all animals, and vaginal samples were collected from females. Among sampled ibex, 271 (84.4%) were apparently healthy (no visible lesions on external inspection), and 50 (15.6%) were naturally infected with Sarcoptes scabiei.
Nasal, ocular, ear, and vaginal samples were collected with sterile swabs using Amies medium with charcoal (Ventury Transystem, Copan, Bovezzo, BS), refrigerated at 4 C, and sent to the Infectious Diseases Laboratory of the Veterinary Medicine Faculty in Murcia University. Samples were analyzed within 72 hr of collection.
Swabs from the nasal, ocular, and vaginal mucosa were cultured directly on Columbia Blood agar with 5% sheep blood (bioMé rieux, Marcy-l9Etoile, France) and McConkey agar (Merck and Co., Darmstadt, Germany) and incubated at 37 C in an atmosphere containing 5% CO 2 . Culture plates were examined for bacterial growth after 24 and 48 hr of incubation. Samples also were inoculated into selective salmonella-enriching broths (tetrationate broth and Rappaport, Merk, Darmstadt, Germany), incubated for a maximum of 48 hr, and then plated on a selective solid media (agar with xylose, lysine, and desoxycholate, Difco Laboratories, Detroit, Michigan, USA), brilliant green (Oxoid, Fisher Scientific International Inc., Basingstoke, Hampshire, UK), and McConkey agar (Difco Laboratories) by drip-feed from each tube of enriching broth. These cultures were incubated at 37 C in aerobic conditions for 48 to 72 hr, and plates were observed every 24 hr for colonies growth.
An isolated colony representing each bacterial variant was selected and identified following the methods of Bergey's Manual of Systematic Bacteriology (Krieg and Holt, 1984; Sneath et al., 1984) . In addition, the Rapid PASCO (Soria Melguizo, Madrid, Spain) and API System (NH, Staph, Strep, 20e, 20ne strips, bioMé rieux, Marcy-l'Etoile, France) were used to identify gram-positive and gram-negative isolates.
For mycoplasma culture, ear and ocular swabs were directly inoculated in selective modified Hayflick solid and liquid culture medium (2.0 ml) as described by Whitford et al. (1994) . Samples were incubated for 3 to 7 days in a humid atmosphere at 37 C with 10% CO 2 , and after 7 days, they were passaged into new liquid and solid media and incubated as described. Samples were incubated until the 14th day, and plates were observed daily using an optical 403 microscope to detect mycoplasmal colonies. When growth was observed, colonies were isolated, cloned, and identified; samples in which no growth was observed after 21 days of incubation were regarded as negative. The biochemical identification of isolated mycoplasma was based on sensitivity to digitonin, glucose fermentation, arginine and urea hydrolysis, tetrazolium reduction, film and crystal formation, phosphatase activity, casein hydrolysis, and serum liquidation (Whitford et al., 1994) .
Statistical analysis was performed with the Epi Info 6.04 integrated epidemiologic statistics package (Dean et al., 1994) (Centers for Disease Control and Prevention, EE./UU.) and SPSS version 11 software (Ferrá n, 1996) . Differences among isolation frequency rates were evaluated relative to province, age and sex classes, and capture method as analyzed by Yates-corrected chi-squared test and Fisher's exact test. The level of significance was set at P#0.05.
RESULTS
A total of 688 bacteria were isolated, of which 225 were gram-positive, 86 were mycoplasma, and 377 were gram-negative. Gram-positive and mycoplasmal species are shown in Table 1 . Staphylococcus aureus and Streptococcus spp. were the most frequently isolated gram-positive organisms, and Mycoplasma agalactiae represented the most frequently isolated mycoplasma. Gram-negative bacteria identified are shown in Table 2 ; Escherichia coli was most frequently detected.
Identified bacteria species varied by source (Tables 1 and 2 ), but E. coli occurred frequently in nasal, ocular, and vaginal swabs. In nasal and ocular samples, S. aureus also was common. Mannheimia haemolytica, Pasteurella multocida biotype A (BT A), Staphylococcus xylosus, and Streptococcus spp. were frequently cultured from nasal samples, and Branhamella ovis and Pseudomonas fluorescens were frequently detected in conjunctival samples. Mycoplasma agalactiae was the most common species isolated from the ear canal samples, followed by Mycoplasma arginini (Table 1) . Approximately 80% of the M. arginini and 70% of M. agalactiae cultures were isolated from external ear canal swabs.
Risk factors associated with infections with gram-positive bacteria and mycoplasma are shown in Table 3 . Risk factors for gram-negative infection rates are shown in Table 4 . Significant differences in infection rates were detected between males and females only for Staphylococcus spp. (x 2 54.89; df51; one-tailed, P50.027), E. coli (x 2 514.07; df51; one-tailed, P 50.0001), Serratia marcescens (x 2 54.13; df51; one-tailed, P50.042), and Moraxella bovis (x 2 54.55; df51; one-tailed, P50.032).
Infection rates also were dependent on age for M. agalactiae (x 2 516.84; df51; one- (Tables 3  and 4 ).
The geographic origin of the sampled animal also was identified as a risk factor for carrying all Pasteurella genera isolated: M. haemolytica (x 2 513.19; df54; onetailed, P50.01), Pasteurella trehalosi (x 2 510.38; df54; one-tailed, P50.03), and P. multocida BT A (x 2 525.06; df54; one-tailed, P,0.001). Regional differences in isolation rates also were detected for B. ovis (x 2 59.54; df54; one-tailed, P50.04) and M. agalactiae (x 2 535.4; df54; onetailed, P,0.001).
The disposition of the sampled animal also influenced isolation results for M. haemolytica (x 2 53.96; df51; one-tailed, P50.04), P. multocida BT A (x 2 59.85; df51; one-tailed, P50.001), B. ovis 510.14; df51; one-tailed, P50.002). All of these were detected more frequently in free-ranging animals than in those that came from enclosures.
DISCUSSION
The bacterial species isolated from Spanish ibex (Tables 1 and 2 ) are frequently isolated in domestic small ruminant herds in this region, and these domestic herds possibly act as reservoirs for the bacterial species detected in these Spanish ibex populations. Most species of Staphylococcus, which are common on the skin and mucous membranes of homeotherms, are nonpathogenic and may help to prevent colonization of the skin by other potential pathogens (Queen et al., 1994) . In Spanish ibex, species of Staphylococcus, especially S. aureus, were the most frequently isolated gram-positive bacteria in vaginal, nasal, and ocular samples, and a significant relationship was observed between adult females and isolation of Staphylococcus and Streptococcus spp. This probably related to the high rate of isolation from vaginal samples. Among the coagulase-positive Staphylococcus spp., only S. aureus was isolated. In Spanish ibex, this pathogen may be significant, because it often is associated with clinical mastitis of small ruminants (Deinhofer and Pernthaner, 1995) . Mastitis in Spanish ibex could affect the health of newborn animals. The coagulase-negative Staphylococcus spp. (S. xylosus and S. epidemidis) are often found in the environment, but their role in the health of Spanish ibex remains unclear. The isolation rates for coagulase-positive Staphylococcus spp. were significantly lower than those for coagulase-negative Staphylococcus spp.; similar results have been reported for clinically healthy domestic animals (Skalka, 1991) .
The potential health impact associated with the observed low prevalence of Streptococcus spp. in Spanish ibex is difficult to assess. In 1996, Streptococcus sp. were implicated in an epidemic in a French chamois (Rupicapra rupicapra) population (Artois et al., 1997) ; however, previous isolation frequencies from this species were low (1.7% [Barrat, 1991] and 4.3% [Artois, 1995] ). The significant relationship between the prevalence of S. equi subsp. zooepidemicus and concurrent sarcoptic mange infections in Spanish ibex cannot be explained but deserves additional study.
Frequencies of the pyogenic bacteria Arcanobacter pyogenes and Corynebacterium spp. were low in Spanish ibex. These bacteria often are associated with abscesses, and the carrier frequency in apparently health animals generally is low. However, the potential significance of these species is unclear, because A. pyogenes has been associated with purulent bronchopneumonia and mortality in red deer (Cervus elaphus) (Rhyan et al., 1997) and with pyogenic arthritis in chamois (Lavín et al., 1998) .
Mycoplasma agalactiae, which was the predominant mycoplasmal species isolated in Spanish ibex, can cause agalactia, keratoconjunctivitis, polyarthritis, and occasional abortions (Bergonier et al., 1997) . High rates of infection with M. agalactiae occur in small domesticated ruminants from the study area (Garrido et al., 1987) . Because these animals share habitat with the Spanish ibex, considerable spillover may occur, as has been observed with M. conjunctivae (Belloy et al., 2003) . Mycoplasma agalactiae most often was isolated from young animals; because of the potential for infections to result in fulminating arthritis and keratoconjunctivitis, this pathogen may represent a health risk to ibex calves. Other species of Mycoplasma that can cause pleuropneumonia, mastitis, and arthritis are M. arginini and Mycoplasma mycoides subsp. mycoides LC. Both were isolated from Spanish ibex and have been reported in wild goats (Capra aegagrus cretica) (Perrin et al., 1994) and bighorn sheep (Ovis canadensis) (Al-Aubaidi et al., 1972; Woolf and Kradel, 1973) . Infections can cause a high mortality rate in domestic ruminants, but to our knowledge, differences in prevalence among age groups or between sexes (Bar-Moshe and Rapapport, 1981; Kusiluka et al., 2000) have not been reported. Mycoplasma conjunctivae, Mycoplasma capricolum, or M. mycoides subsp. capri were not detected in the present study. Both M. conjunctivae and M. capricolum have been associated with outbreaks and mortality in chamois and ibex populations in the Alps (Degiorgis et al., 2000; Giacometti et al., 2002a, b) , and they also have been isolated in Pyrenean chamois and mouflon (Ovis musimon) populations (Catusse, 1996; Terrier, 1998) .
Branhamella ovis and M. ovis have been associated with infectious keratoconjunctivitis in roe deer (Capreolus capreolus) (Hatier and Artois, 1998; Hatier et al., 1999) and are possible causes of severe epidemic outbreaks (Kodjo et al., 1993) . The isolation frequencies in roe deer show little differences among studies (#20% [Gauthier, 1991] and 26% [Artois et al., 1997] ) and was low in bighorn sheep (7% [Queen et al., 1994] ). The frequencies for both infectious agents in the Spanish ibex are lower than those observed in roe deer or in bighorn sheep, which is consistent with the absence of reported infectious keratoconjunctivitis outbreaks in Spanish ibex populations.
Pasteurella and other related species are common in the upper respiratory tracts of animals, where they may act as opportunistic pathogens; however, M. haemolytica is one of the most important respiratory pathogens in domestic small ruminants (Ackermann and Brodgen, 2000) and in the bighorn sheep (Ward et al., 1997; McNeil et al., 2003; Rudolph et al., 2003; Weiser et al., 2003) . Pasteurella spp. can be isolated from most clinically healthy bighorn sheep when samples are appropriately collected and preserved before culture (Wild and Miller, 1991) . In Spanish ibex, M. haemolytica was the species in the Pasteurellaceae family isolated most frequently from nasal swabs. This may be a potentially important pathogen, and it should be considered in cases of respiratory disease in Spanish ibex.
Although P. trehalosi is an important pathogen of bighorn sheep (Foreyt, 1989) , it does not seem to represent a significant pathogen of Spanish ibex. We are not aware of reported pasteurellosis outbreaks caused by P. trehalosi in Andalusia, which is consistent with our low isolation rate. In European roe deer, an isolation rate of 1.43% has been reported (Barrat, 1991) , and this pathogen accounted for 2.5% of roe deer mortality (Hatier and Artois, 1999) . In chamois, P. trehalosi is frequently (30%) isolated from nasal samples (Gauthier, 1991) and produces severe chronic lesions (Gauthier and Cadoz, 1999) .
The prevalence of P. multocida BT A in wild and domestic small ruminants is lower than that in bovines, lagomorphs, and carnivores (Biberstein et al., 1991) . It has been isolated in respiratory and ocular samples, however, and can cause mortality in wild ungulates (Catusse et al., 1996; Dunbar et al., 2000) . In Spanish ibex, the low isolation rate is similar to that observed in bighorn sheep (10% [Queen et al., 1994] and 6.03% [Jaworsky et al., 1998 ]), but to our knowledge, no evidence suggests mortality or population affects associated with this pathogen in Spanish ibex. However, it has been reported to be an important agent in pneumonic infection of roe deer, even with isolation frequencies as low as 1.07% (Barrat, 1991) .
Escherichia coli, Shigella spp., Salmonella spp., and Aeromonas hydrophila can produce enteric processes in domestic and wild young animals with a reduction in life expectancy (Onderka and Wishart, 1988) . Escherichia coli is an important infectious agent in wild ungulates, with high prevalence in chamois (70% [Gauthier, 1991] and 22% [Artois, 1995] ) and roe deer (5% [Barrat, 1991; Artois, 1995] ). In Spanish ibex, E. coli was isolated from 19% of tested animals.
Although we have detected numerous bacteria carried by Spanish ibex, limited information is available related to population impacts associated with these infections. Further research to understand risk factors and potential etiologies of these pathogens in Spanish ibex in Andalusia is warranted.
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